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(57) ABSTRACT 

A method for measuring and aligning front and rear Wheels 
of a four Wheel vehicle, including measuring alignment 
properties of the front Wheels, and correcting alignment 
properties of the rear Wheels if all of the measurements of 
the alignment properties of the front Wheels are substantially 
equal to the manufacturer-speci?ed alignment properties for 
the front Wheels. If all of the measurements of the alignment 
properties of the front Wheels are not substantially equal to 
the manufacturer-speci?ed alignment properties for the front 
Wheels, then the alignment properties of the front Wheels are 
corrected prior to correcting alignment properties of the rear 
Wheels. The measurements of the alignment properties can 
be made using a computer-aided, three-dimensional 
machine vision alignment apparatus. 
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VEHICLE WHEEL ALIGNMENT ADJUSTMENT 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority from co 
pending provisional US. patent application Ser. No. 60/491, 
275, ?led Jul. 31, 2003, Which is incorporated herein by 
reference in its entirety. 

FIELD OF THE DISCLOSURE 

[0002] The present disclosure generally relates to motor 
vehicle maintenance equipment and methods and, more 
speci?cally, to a method for adjusting the Wheel alignment 
of a motor vehicle. 

BACKGROUND OF THE DISCLOSURE 

[0003] Motor vehicle alignment systems are important for 
ensuring that the alignments of Wheels on a vehicle are 
Within the speci?cations provided by motor vehicle manu 
facturers. If the Wheels are out of alignment, there may be 
excessive or uneven Wear of the tires and vehicle suspension 
system. In addition, the performance of the vehicle, particu 
larly handling and stability, may be adversely affected if the 
Wheels are not properly aligned. As used herein, the term 
“Wheel” or “vehicle Wheel” refers to the tire and Wheel 
assembly found on a motor vehicle. Such an assembly 
generally includes a conventional tire that is mounted on a 
metal Wheel or “rim.” 

[0004] The Wheels of a motor vehicle may be aligned in a 
number of Ways. For eXample, an operator or an alignment 
technician can use a vision imaging system such as a 
computer-aided, three-dimensional (3D) machine vision that 
employs optical sensing devices, such as cameras, to deter 
mine the positions of various objects. EXamples of such 
apparatus and methods are disclosed in US. Pat. No. 5,724, 
743, entitled “Method and Apparatus for Determining the 
Alignment of Motor Vehicle Wheels” issued to Jackson, et 
al. on Mar. 10, 1998; US. Pat. No. 5,535,522, entitled 
“Method and Apparatus for Determining the Alignment of 
Motor Vehicle Wheels” issued to Jackson, et al. on Jul. 16, 
1996; and Published US. patent application No. US. 2003/ 
0065466A1, published Apr. 3, 2003, to Jackson, et al. and 
entitled “Self-Calibrating, Multi-Camera Machine Vision 
Measuring System”. All three of these patents and patent 
application are assigned to the assignee of the present 
invention and incorporated herein by reference. The Visua 
liner 3D3 AragoTM Aligner (Model # EEWA533A), for 
eXample, is a vision imaging alignment system that is 
available from the John Bean Company of ConWay, Ark. 
(WWW.johnbean.com). 
[0005] During an alignment process, a number of param 
eters are measured and adjusted to achieve proper Wheel 
alignment. These parameters include camber, caster, steer 
ing aXis inclination (SAI) and toe. 

[0006] Camber is the angle of the Wheel, measured in 
degrees, When vieWed from the front of the vehicle. If the 
top of the Wheel is leaning out from the center of the car, 
then the camber is positive, if the top of the Wheel is leaning 
in, then the camber is negative. If the camber is out of 
adjustment, it Will cause tire Wear on one side of the tire’s 
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tread. If the camber is too far negative, for instance, then the 
tire Will Wear on the inside of the tread. 

[0007] Caster is the angle of a steering pivot that the front 
Wheels turn on, measured in degrees, When vieWed from the 
side of the vehicle. If the top of the pivot is leaning toWard 
the rear of the car, then the caster is positive, if the top of the 
pivot is leaning toWard the front of the car, then the caster 
is negative. If the caster is out of adjustment, it can cause 
problems in straight line tracking. If the caster is different 
from side to side, the vehicle Will pull to the side With the 
less positive caster. If the caster is equal but too negative, the 
steering Will be light and the vehicle Will Wander and be 
dif?cult to keep in a straight line. If the caster is equal but 
too positive, the steering Will be heavy and the steering 
Wheel may kick When the vehicle hits a bump. Positive 
caster settings provide a greater degree of steering efforts, 
self-centering and stability to the vehicle. Therefore, nearly 
every car has a positive caster setting. 

[0008] The toe measurement is the difference in the dis 
tance betWeen the front of the tires and the back of the tires. 
It is measured in fractions or decimals of an inch in the US 
and is usually set close to Zero Which means that the Wheels 
are parallel With each other. Toe-in means that the fronts of 
the tires are closer to each other than the rears. Toe-out is just 
the opposite. An incorrect toe-in Will cause rapid tire Wear 
to both tires equally. 

[0009] SAI is the measurement in degrees of the steering 
pivot line When vieWed from the front of the vehicle. This 
angle, When added to the camber to form the included angle 
causes the vehicle to lift slightly When you turn the Wheel 
aWay from a straight ahead position. This action uses the 
Weight of the vehicle to cause the steering Wheel to return to 
the center When you let go of the steering Wheel after making 
a turn. Because of this, if the SAI is different from side to 
side, the SAI Will cause a pull at very sloW speeds. Most 
alignment machines have a Way to measure SAI; hoWever it 
is not separately adjustable. The most likely cause for SAI 
being out is bent parts Which must be replaced to correct the 
condition. SAI is also referred to as KPI (King Pin Inclina 
tion) on trucks and old cars With king pins instead of ball 
joints. 

[0010] Camber, caster, and SAI are typically measured 
using inclinometers attached to the Wheel. With camber, the 
inclinometer measures the angle that the plane of the Wheel 
makes With the vertical. To measure caster, the Wheel is 
turned through an arc, and the difference in the camber 
readings is used to derive the caster value. This procedure is 
called a caster sWing. 

[0011] SAI is measured in a manner similar to caster, 
eXcept that the inclinometer used for the SAI reading 
measures the change in pitch angle of a line in the plane of 
the Wheel as the Wheel is turned through an arc. The SAI 
measuring inclinometer is aligned at 90° to the inclinometer 
used for reading camber and caster. 

[0012] A typical alignment procedure includes ?rst mea 
suring the camber of the rear tires and the toe of the rear 
tires. Then the caster, the camber and the toe of the front tires 
are measured. Normally, this procedure produces accurate 
results. HoWever, if the front Wheels are not in near correct 
speci?cation, then the camber and toe measurements of the 
rear tires Will not be accurate. For eXample, if the front 
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cradle is shifted and/or the front Wheels are out of location, 
the adjustments made to the rear Wheels Will reference an 
inaccurate front center point. 

[0013] Based on the foregoing, there is a clear need in this 
?eld for a neW and improved method for measuring and 
adjusting the alignment of the Wheels of a motor vehicle. In 
particular, What is needed is a neW and improved method for 
measuring and adjusting the alignment of the Wheels of a 
motor vehicle that takes into account that measurements and 
adjustments of the rear Wheels of a vehicle can be effected 
by front Wheels that are not in near correct speci?cation. 

SUMMARY OF THE DISCLOSURE 

[0014] The present disclosure accordingly provides a 
method for measuring and aligning front and rear Wheels of 
a four Wheel vehicle. The method generally includes mea 
suring alignment properties of the front Wheels, and com 
paring the measured alignment properties to manufacturer 
speci?ed alignment properties for the front Wheels. If all of 
the measurements of the alignment properties of the front 
Wheels are substantially equal to the manufacturer-speci?ed 
alignment properties for the front Wheels, then alignment 
properties of the rear Wheels are measured (if not already 
measured simultaneously With the front Wheels) and the 
measured alignment properties of the rear Wheels are com 
pared to manufacturer-speci?ed alignment properties for the 
rear Wheels. The alignment properties of the rear Wheels are 
corrected if the measured alignment properties of the rear 
Wheels are not substantially equal to the manufacturer 
speci?ed alignment properties for the rear Wheels. HoWever, 
if all of the measurements of the alignment properties of the 
front Wheels are not substantially equal to the manufacturer 
speci?ed alignment properties for the front Wheels, the 
alignment properties of the front Wheels are corrected prior 
to measuring and correcting alignment properties of the rear 
Wheels. 

[0015] The present invention provides a neW and 
improved method for measuring and adjusting the alignment 
of the Wheels of a motor vehicle. In particular, the present 
invention provides a neW and improved method for mea 
suring and adjusting the alignment of the Wheels of a motor 
vehicle that takes into account that measurements and 
adjustments of the rear Wheels of a vehicle can be effected 
by front Wheels that are not in near correct speci?cation. 

[0016] According to one aspect of the present disclosure, 
the alignment properties of the front Wheels include castor 
angles. According to another aspect, the alignment proper 
ties of the front Wheels include camber angles. According to 
an additional aspect, the alignment properties of the front 
Wheels include a toe of the front Wheels. According to a 
further aspect, the alignment properties of the front Wheels 
include steering angle inclination. 

[0017] According to a further aspect of the present dis 
closure, the alignment properties of the rear Wheels include 
castor angles. According to another aspect, the alignment 
properties of the rear Wheels include camber angles. Accord 
ing to an additional aspect, the alignment properties of the 
rear Wheels include a toe of the rear Wheels. 

[0018] According to an additional aspect, the measure 
ments are made using a computer-aided alignment appara 
tus. According to a further aspect, the computer aided 
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alignment apparatus comprises a computer-aided, three 
dimensional machine vision apparatus including optical 
scanning devices and optically scannable targets, and the 
method also includes attaching the optically scannable tar 
gets to the Wheels of the vehicle, and optically scanning the 
targets to measure the alignment properties of the Wheels. 

[0019] Additional aspects and advantages of the present 
disclosure Will become readily apparent to those skilled in 
this art from the folloWing detailed description, Wherein 
only an eXemplary embodiment of the present disclosure is 
shoWn and described, simply by Way of illustration of the 
best mode contemplated for carrying out the present disclo 
sure. As Will be realiZed, the present disclosure is capable of 
other and different embodiments, and its several details are 
capable of modi?cations in various obvious respects, all 
Without departing from the disclosure. Accordingly, the 
draWings and description are to be regarded as illustrative in 
nature, and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Reference is made to the attached draWings, 
Wherein elements having the same reference character des 
ignations represent like elements throughout, and Wherein: 

[0021] FIG. 1 is a front elevation vieW of a front Wheel of 
a vehicle (e.g., an automobile having four Wheels) shoWing 
alignment properties of the Wheel, including positive and 
negative camber angles; 

[0022] FIG. 2 is a side elevation vieW of a front Wheel of 
a vehicle shoWing a steering pivot and a caster angle of the 
Wheel; 
[0023] FIG. 3 is a bottom plan vieW of front Wheels of a 
vehicle shoWing a toe of the Wheels; 

[0024] FIG. 4 is a How chart illustrating a method accord 
ing to the present disclosure for measuring and adjusting 
alignment of Wheels of a vehicle; 

[0025] FIG. 5 is a How chart illustrating a method accord 
ing to the present disclosure for measuring and adjusting 
alignment of Wheels of a vehicle; 

[0026] FIG. 6 is a perspective vieW of a computer-aided, 
three-dimensional (3D) machine vision alignment appara 
tus, Which can be used for carrying out the methods of 
FIGS. 4 and 5; and 

[0027] FIG. 7 is a block diagram of a computer system for 
use With the apparatus of FIG. 6. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[0028] Referring to FIG. 4, the present disclosure pro 
vides a method 100 for measuring and adjusting alignment 
of front and rear Wheels of a four Wheel vehicle. HoWever, 
before the method 100 of FIG. 4 is discussed, a description 
of some alignment properties of Wheels are provided in 
FIGS. 1 through 3. 

[0029] Alignment Properties of Wheels of a Vehicle 

[0030] During an alignment process, a number of param 
eters are measured and adjusted to achieve proper Wheel 
alignment. These parameters can include camber, caster, toe 
and steering aXis inclination. 
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[0031] Referring ?rst to FIG. 1, a front elevation vieW of 
an example of a left front Wheel 10L of a vehicle (e.g., an 
automobile having four Wheels) is shoWn. Connected to the 
Wheel 10L through a ?rst ball joint 12 is a shock-absorber 
assembly 14, and through a second ball joint 16 is a steering 
rod 18. The ?rst ball joint 12 may simply comprise an 
adjustment point in later model automobiles. An axle 20 is 
also connected to the Wheel 10L. The Wheel 10L is shoWn 
supported on a ground plane 22 (e.g., a ?oor of an auto repair 
shop) and a “true vertical” line 24 is shoWn extending 
perpendicular from the ground plane 22 at about a center of 
a bottom of the Wheel 10L, as vieWed from the front. A 
steering pivot line 26 is shoWn passing through the ball 
joints 12, 16. Broken lines illustrate tWo possible centerlines 
28N, 28P of the Wheel 10L, as vieWed from the front. 

[0032] Still referring to FIG. 1, camber 30 is the angle, 
measured in degrees, betWeen the front true vertical line 24 
and the center line, 28P or 28N, of the Wheel 10L, When 
vieWed from the front of the vehicle. If the top of the Wheel 
10L is leaning out from the center of the car, as illustrated 
by the centerline 28P, then the camber 30 is positive. If the 
top of the Wheel 10L is leaning in, as illustrated by the 
centerline 28N, then the camber 30 is negative. If the camber 
30 is out of adjustment, it Will cause tire Wear on one side 
of the tire’s tread. If the camber 30 is too far negative, for 
instance, then the tire Will Wear on the inside of the tread. 

[0033] Referring to FIG. 2, a side elevation vieW of the 
front Wheel 10L is shoWn. The Wheel 10L is shoWn sup 
ported on the ground surface 22 and the “true vertical” line 
24 is shoWn extending perpendicular from the ground sur 
face 22 at about a center of a bottom of the Wheel 10L, as 
vieWed from the side. Also illustrated is the steering pivot 
line 26 passing through the ball joints 12, 16. 

[0034] Caster 32 is the angle, measured in degrees, 
betWeen the steering pivot line 26 and the true vertical line 
24 of the Wheel 10L, When vieWed from the side of the 
vehicle. If the top of the steering pivot line 26 is leaning 
toWard the rear of the car, as illustrated in FIG. 2, then the 
caster 32 is positive. If the top of the steering pivot line 26 
is leaning toWard the front of the car, then the caster 32 is 
negative. If the caster 32 is out of adjustment, it can cause 
problems in straight line tracking. If the caster 32 is different 
from side to side, the vehicle Will pull to the side With the 
less positive caster. If the caster 32 is equal but too negative, 
the steering Will be light and the vehicle Will Wander and be 
dif?cult to keep in a straight line. If the caster 32 is equal but 
too positive, the steering Will be heavy and the steering 
Wheel 10L may kick When the vehicle hits a bump. Positive 
caster settings provide a greater degree of steering efforts, 
self-centering and stability to the vehicle. Therefore, nearly 
every car has a positive caster setting. 

[0035] FIG. 3 is a bottom plan vieW of a pair of Wheels, 
a front left Wheel 10L and a front right Wheel 10R of a 
vehicle. A toe measurement is the difference betWeen a 
distance 34 betWeen the front of the tires 10L, 10R and a 
distance 36 betWeen the back of the tires 10L, 10R. The toe 
is measured in fractions or decimals of an inch in the United 
States and is usually set close to Zero Which means that the 
Wheels 10L, 10R are parallel With each other. Toe-in means 
that the distance 34 betWeen the front of the Wheels 10L, 
10R is less than the distance 36 betWeen the back of the 
Wheels 10L, 10R, as illustrated in FIG. 3. Toe-out means 
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that the distance 34 betWeen the front of the Wheels 10L,10R 
is greater than the distance 36 betWeen the back of the 
Wheels. An incorrect toe setting Will cause rapid tire Wear to 
the tires of both Wheels equally. 

[0036] Referring back to FIG. 1, steering axis inclination 
(SAI) 38 is the measurement in degrees betWeen the steering 
pivot line 26 and the true vertical line 24 When vieWed from 
the front of the vehicle. This angle 38 causes the vehicle to 
lift slightly When the Wheel 10L is turned aWay from a 
straight ahead position during driving. This action uses the 
Weight of the vehicle to cause the steering Wheel 10L to 
re-center When the steering Wheel 10L is released after a turn 
is made. Because of this, if the SAI 38 is different from side 
to side, the SAI 38 Will cause a pull at very sloW speeds. 
Most alignment machines have a Way to measure SAI 38; 
hoWever it is often not separately adjustable. The most likely 
cause for SAI 38 being out is bent parts Which must be 
replaced to correct the condition. SAI 38 is also referred to 
as KPI (King Pin Inclination) on trucks and old cars With 
king pins instead of ball joints. 

[0037] The method 100 of FIG. 4 can be used to measure 
and adjust, if necessary, the camber, castor and toe of the 
front and rear Wheels of a vehicle. The method 100 can also 
be used to measure and adjust, if necessary, the steering axis 
inclination of the front Wheels of a vehicle. 

[0038] Method for Measuring and Adjusting Alignment of 
Wheels of a Vehicle 

[0039] Referring to FIG. 5, the method 10 of the present 
disclosure generally includes measuring alignment proper 
ties of the front Wheels, and comparing the measured align 
ment properties to manufacturer-speci?ed alignment prop 
erties for the front Wheels, as shoWn at 102. The alignment 
properties can include castor, camber, toe and steering angle 
inclination, for example. If all of the measurements of the 
alignment properties of the front Wheels are substantially 
equal to (or Within a speci?ed tolerance of) the manufac 
turer-speci?ed alignment properties for the front Wheels, as 
shoWn at 104, then alignment properties of the rear Wheels 
are measured, if the alignment properties of the rear Wheels 
have not already been measured simultaneously With the 
measurements of the alignment properties of the front 
Wheels. The measured alignment properties of the rear 
Wheels are compared to manufacturer-speci?ed alignment 
properties for the rear Wheels, as shoWn at 106. The align 
ment properties of the rear Wheels are corrected if the 
measured alignment properties of the rear Wheels are not 
substantially equal to (or Within a speci?ed tolerance of) the 
manufacturer-speci?ed alignment properties for the rear 
Wheels. HoWever, if all of the measurements of the align 
ment properties of the front Wheels are not substantially 
equal to the manufacturer-speci?ed alignment properties for 
the front Wheels, the alignment properties of the front Wheels 
are corrected prior to measuring and correcting alignment 
properties of the rear Wheels, as shoWn at 108. 

[0040] Another exemplary embodiment of a method 200, 
according to the present disclosure, for measuring and 
adjusting alignment of front and rear Wheels of a four Wheel 
vehicle is shoWn. The method 200 includes ?rst measuring 
castor angles of the front Wheels and comparing the mea 
sured castor angles to a manufacturer-speci?ed castor angle 
for the front Wheels, as shoWn at 202. Then the camber 
angles of the front Wheels are measured and compared to a 
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manufacturer-speci?ed camber angle for the front Wheels, as 
shown at 204. Atoe of the front Wheels is then measured and 
compared to a manufacturer-speci?ed toe for the front 
Wheels, as shoWn at 206. The method 200 further includes 
measuring steering angle inclination for both of the front 
Wheels, and comparing the measured steering angle incli 
nations to a manufacturer-speci?ed steering angle inclina 
tion for the front Wheels, as shoWn at 208. 

[0041] If all of the front Wheel measurements are substan 
tially equal to (or Within a speci?ed tolerance of) the 
manufacturer-speci?cations, as shoWn at 210 of FIG. 5, then 
the camber angles of the rear Wheels are measured (or 
retrieved if previously measured along With the measure 
ments of the front Wheels) and compared to a manufacturer 
speci?ed camber angle for the rear Wheels, as shoWn at 212. 
In addition, the camber angles for the rear Wheels are 
corrected if the measured camber angles for the rear Wheels 
are not substantially equal to the manufacturer-speci?ed 
camber angle for the rear Wheels, as also shoWn at 212. Atoe 
for the rear Wheels is then measured and compared to a 
manufacturer-speci?ed toe for the rear Wheels, as shoWn at 
214, and corrected if the measured toe for the rear Wheels is 
not substantially equal to the manufacturer-speci?ed toe for 
the rear Wheels. 

[0042] If all of the front Wheel measurements are not 
substantially equal to (or Within a speci?ed tolerance of) the 
manufacturer speci?cations, as shoWn at 210 of FIG. 5, then 
the alignment properties of the front Wheels are ?rst cor 
rected prior to measuring and correcting the alignment 
properties of the rear Wheels, as shoWn at 216. 

[0043] Preferably, the methods 100, 200 of FIGS. 4 and 
5 are conducted using a computer-aided, three-dimensional 
motor vehicle Wheel alignment apparatus 300 (“alignment 
apparatus”), such as the type shoWn in FIG. 6. The Visua 
liner 3D3 AragoTM Aligner (Model # EEWA533A), for 
eXample, is an alignment apparatus that can be used to 
determine the alignment properties of the Wheels of a 
vehicle in accordance With the present invention, and is 
available from the John Bean Company of ConWay, Ark. 
(WWW.johnbean.com). The Visualiner 3D3 AragoTM Aligner 
advances “Error-Free” alignment technology With the use of 
3 Self-Synchronizing Digital cameras and Automatic Height 
Indexing (although, FIG. 6 only shoWs a tWo cameras). It 
should be noted though that the presently disclosed methods 
100, 200 are not meant to be limited to a particular Wheel 
alignment apparatus, and can be carried out using other 
types of computer-aided alignment systems, such as a 
single-camera alignment apparatus or alignment systems 
using head units Which attach to various Wheels and com 
municate With cables or optical sensors. 

[0044] Alignment Apparatus 

[0045] FIG. 6 is a block diagram illustrating the alignment 
apparatus 300 for measuring and adjusting alignment of 
front Wheels 110L and 110R and rear Wheels 112L and 112 
of a four Wheel vehicle 120 in accordance With the present 
invention. As depicted, the vehicle 120 is mounted on a 
vehicle supporting means that might include for eXample a 
lift rack 126. Atarget assembly 154 having a de?ned pattern 
or shape is affixed to each Wheel of the vehicle 120. 

[0046] The alignment apparatus 300 includes tWo optical 
sensing means 130 each having an interface to an electronic 
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processing means 160. In the depicted embodiment, each of 
the optical sensing means 130 is a camera, and the process 
ing means 160 is a computer system. The computer 160 
preferably includes a visual display unit 172 and an operator 
interface or input means 174 such as a keyboard or remote 
input device. Computer-generated quasi-three-dimensional 
(3D) representation of the Wheels being aligned may be 
depicted on the display unit 172 along With indicia of the 
detected alignment. In addition, the display unit 172 may 
depict hints or suggestions to guide the alignment technician 
Who is performing the Wheel alignment. The computer 160 
also includes data storage means for storing predetermined 
automotive dynamic stability tolerance data. 

[0047] Each of the optical sensors 130 can vieW at least 
one of the target assemblies 154 mounted on the Wheels, and 
form an image thereof as vieWed from the perspective of the 
sensing means. Electronic signals corresponding to the 
images are transferred to processing means 160 Which 
correlates the detected perspective image of each target With 
the knoWn true shape and orientation of reference data. In so 
doing, the computer 160 relates the perceived dimensions of 
certain knoWn geometric elements on each target With the 
orientation and dimensions of corresponding reference data. 
In this manner, the alignment apparatus 300 can determine 
the position and attitude of each Wheel 110L, 110R, 112L 
and 112R of the vehicle 120. 

[0048] In a typical operation, the alignment apparatus 300 
Works generally as folloWs: the vehicle 120 is positioned on 
the alignment rack 126, Which is raised to alloW the align 
ment technician to perform the alignment; the targets 154 are 
mounted onto each of Wheels 110L, 11R, 112L and 112R; the 
alignment apparatus 300 forms a detected image of each 
target 154; and the detected images are processed in the 
computer 160, Which calculates the orientation of each of the 
targets 154. The computer 160 may also store values cor 
responding to the position of each detected image. 

[0049] Typically, the spindle position is also located. In 
this operation, the computer 160 acquires images of the 
targets 154. The vehicle 120 is rolled back, and the computer 
160 acquires a second set of images of the targets 154. The 
computer 160 computes the angle through Which the vehicle 
Was rolled back, and based on such calculation, determines 
the spindle location. Optionally, the vehicle 120 can be 
rolled forWard and measured again as a check. The computer 
160 may then calculate the actual orientation of the primary 
planes of each of Wheels 110L, 110R, 112L and 112R. A 
primary plane or claW plane is an imaginary plane at an outer 
face of the Wheel With a generally vertical orientation that is 
parallel to the tread of the tire that is part of the Wheel. 

[0050] The results of the computations described above 
are displayed on the display unit 172. The computer 160 may 
also have the display unit 172 shoW instructions to the 
alignment technician as to What corrections may need to be 
made to correct any detected misalignment of Wheels 110L, 
110R, 112L and 112R of the vehicle 120. 

[0051] The computer 160 also can calculate a roll radius 
and a roll aXis of each Wheel 110L, 110R, 112L and 112R 
according to knoWn methods, such as those disclosed in 
International Publication No. WO 01/23834, Which is incor 
porated herein by reference. The roll radius values are then 
used to determine the location of the ground plane, (minus 
corrections for tire ?eX). The steering aXis can be determined 
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using an inclinometer, as is known in the art, or using the 
aligner, and the centerline of the Wheel can be determine 
using an electronic Wheel Width caliper. Alternatively, some 
alignment properties, such as the roll radius, may be mea 
sured manually by the alignment technician using a mea 
surement tape or the equivalent to determine the distance 
betWeen the center of the Wheel and the point on the outer 
edge of the Wheel directly beneath the center of the Wheel. 
This roll radius measurement may then be input to the 
alignment apparatus 300. The alignment apparatus 300 may 
perform other required measurements, and further perform 
calculations and/or comparisons of the results and display 
the results of such measurements, calculations, and com 
parisons. 
[0052] Camber, caster, and SAI are typically measured 
using inclinometers attached to the Wheel. With camber, the 
inclinometer measures the angle that the plane of the Wheel 
makes With the vertical. To measure caster, the Wheel is 
turned through an arc, and the difference in the camber 
readings is used to derive the caster value. This procedure is 
called a caster sWing. SAI is measured in a manner similar 
to caster, except that the inclinometer used for the SAI 
reading measures the change in pitch angle of a line in the 
plane of the Wheel as the Wheel is turned through an arc. 

[0053] Once the alignment measurements are determined, 
the alignment apparatus 300 presents resulting values on the 
display unit 172 for evaluation. The alignment technician 
can then use such results to help diagnose the condition of 
the vehicle, the vehicle suspension, and the Wheels. In 
addition, the alignment apparatus 300 is preferably pro 
grammed to compare the resulting values for each Wheel to 
the manufacturer-speci?ed alignment properties. The align 
ment apparatus 300 can highlight any measurement that is 
not substantially equal to, or Within a speci?ed tolerance of, 
the manufacturer-speci?ed value, such as by generating a 
Warning message to alert the alignment technician. 

[0054] Computer HardWare 

[0055] FIG. 7 is a block diagram illustrating in greater 
detail the computer 160 for use With the alignment apparatus 
300 of FIG. 4. The computer 160 includes a bus 162 or other 
communication mechanism for communicating information, 
a processor 164 coupled to the bus 162 for processing 
information, and a main memory 166, such as a random 
access memory (RAM) or other dynamic storage device, 
coupled to the bus 162 for storing information and instruc 
tions to be executed by the processor 164. The main memory 
166 also may be used for storing temporary variables or 
other intermediate information during execution of instruc 
tions to be executed by the processor 164. The computer 160 
also includes a read only memory (ROM) 168 or other static 
storage device coupled to the bus 162 for storing static 
information and instructions for the processor 164, and a 
storage device 170, such as a magnetic disk or optical disk, 
is provided and coupled to the bus 162 for storing informa 
tion and instructions. As shoWn, in addition to the display 
172 and the keyboard 174, the computer 160 may also 
include a cursor control 176, such as a mouse. 

[0056] The computer 160 is used for measuring and 
adjusting alignment of front and rear Wheels of a four Wheel 
vehicle, by carrying out the methods 100 and 200 of the 
present disclosure. According to one aspect, measuring and 
adjusting the alignment of front and rear Wheels of a four 
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Wheel vehicle is provided by the computer 160 in response 
to the processor 164 executing one or more sequences of one 
or more instructions contained in the main memory 166. 
Such instructions may be read into the main memory 166 
from another computer-readable medium, such as the stor 
age device 170. Execution of the sequences of instructions 
contained in the main memory 166 causes the processor 164 
to perform the methods provided by the present disclosure. 
In alternative embodiments, hard-Wired circuitry may be 
used in place of or in combination With softWare instructions 
to implement the present disclosure. Thus, the present dis 
closure is not limited to any speci?c combination of hard 
Ware circuitry and softWare. 

[0057] The term “computer-readable medium” as used 
herein refers to any medium that participates in providing 
instructions to the processor 164 for execution. Such a 
medium may take many forms, including but not limited to, 
non-volatile media, volatile media, and transmission media. 
Non-volatile media includes, for example, optical or mag 
netic disks, such as storage device 170. Volatile media 
includes dynamic memory, such as the main memory 166. 
Transmission media includes coaxial cables, copper Wire 
and ?ber optics, including the Wires that comprise bus 162. 
Transmission media can also take the form of acoustic or 
light Waves, such as those generated during radio-Wave and 
infra-red data communications. 

[0058] Common forms of computer-readable media 
include, for example, a ?oppy disk, a ?exible disk, hard disk, 
magnetic tape, or any other magnetic medium, a CD-ROM, 
any other optical medium, punchcards, papertape, any other 
physical medium With patterns of holes, a RAM, a PROM, 
and EPROM, a FLASH-EPROM, any other memory chip or 
cartridge, a carrier Wave as described hereinafter, or any 
other medium from Which a computer can read. 

[0059] Various forms of computer readable media may be 
involved in carrying one or more sequences of one or more 

instructions to the processor 164 for execution. For example, 
the instructions may initially be carried on a magnetic disk 
of a remote computer. The remote computer can load the 
instructions into its dynamic memory and send the instruc 
tions over a telephone line using a modem. A modem local 
to computer 160 can receive the data on the telephone line 
and use an infra-red transmitter to convert the data to an 
infra-red signal. An infra-red detector can receive the data 
carried in the infra-red signal and appropriate circuitry can 
place the data on bus 162. The bus 162 carries the data to the 
main memory 166, from Which the processor 164 retrieves 
and executes the instructions. The instructions received by 
the main memory 166 may optionally be stored on the 
storage device 170 either before or after execution by the 
processor 164. 

[0060] The computer 160 also includes a communication 
interface 178 coupled to the bus 162. The communication 
interface 178 provides a tWo-Way data communication cou 
pling to a netWork link 180 that is connected to a local 
netWork 182. For example, the communication interface 178 
may be an integrated services digital netWork (ISDN) card 
or a modem to provide a data communication connection to 
a corresponding type of telephone line. As another example, 
the communication interface 178 may be a local area net 
Work (LAN) card to provide a data communication connec 
tion to a compatible LAN. Wireless links may also be 
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implemented. In any such implementation, communication 
interface 178 sends and receives electrical, electromagnetic 
or optical signals that carry digital data streams representing 
various types of information. 

[0061] The netWork link 180 typically provides data com 
munication through one or more netWorks to other data 
devices. For example, the netWork link 180 may provide a 
connection through local netWork 182 to a host computer 
184 or to data equipment operated by an Internet Service 
Provider (ISP) 186. The ISP 186 in turn provides data 
communication services through the World Wide packet data 
communication netWork noW commonly referred to as the 
“Internet”188. Local netWork 182 and Internet 188 both use 
electrical, electromagnetic or optical signals that carry digi 
tal data streams. The signals through the various netWorks 
and the signals on netWork link 180 and through commu 
nication interface 178, Which carry the digital data to and 
from computer 60, are exemplary forms of carrier Waves 
transporting the information. 

[0062] The computer 160 can send messages and receive 
data, including program code, through the netWork(s), net 
Work link 180 and communication interface 718. In the 
Internet example, a server 190 might transmit a requested 
code for an application program through Internet 188, ISP 
186, local netWork 182 and communication interface 178. In 
accordance With the present disclosure, one such doWn 
loaded application provides for measuring and adjusting the 
alignment of front and rear Wheels of a four Wheel vehicle 
as previously described. 

[0063] The received code may be executed by the proces 
sor 164 as it is received, and/or stored in the storage device 
170, or other non-volatile storage for later execution. In this 
manner, the computer 160 may obtain application code in 
the form of a carrier Wave. 

[0064] Thus, the present disclosure provides methods 100, 
200 and an apparatus 300 for measuring and adjusting 
alignment of front and rear Wheels of a four Wheel vehicle. 
The speci?c methods and apparatus described in this speci 
?cation have been presented by Way of illustration rather 
than limitation, and various modi?cations, combinations and 
substitutions may be effected by those skilled in the art 
Without departure either in spirit or scope from this disclo 
sure in its broader aspects and as set forth in the appended 
claims. All methods and apparatus disclosed herein, and all 
elements thereof, are contained Within the scope of at least 
one of the folloWing claims. No elements of the presently 
disclosed methods and apparatus are meant to be disclaimed. 

What is claimed is: 
1. A method for measuring and aligning front and rear 

Wheels of a four Wheel vehicle, comprising: 

measuring alignment properties of the front Wheels, and 
comparing the measured alignment properties to manu 
facturer-speci?ed alignment properties for the front 
Wheels; 

measuring alignment properties of the rear Wheels, com 
paring the measured alignment properties of the rear 
Wheels to manufacturer-speci?ed alignment properties 
for the rear Wheels, and correcting the alignment prop 
erties of the rear Wheels if the measured alignment 
properties of the rear Wheels are not substantially equal 
to the manufacturer-speci?ed alignment properties for 
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the rear Wheels, and if all of the measurements of the 
alignment properties of the front Wheels are substan 
tially equal to the manufacturer-speci?ed alignment 
properties for the front Wheels; and 

correcting alignment properties of the front Wheels prior 
to measuring and correcting alignment properties of the 
rear Wheels, if all of the measurements of the alignment 
properties of the front Wheels are not substantially 
equal to the manufacturer-speci?ed alignment proper 
ties for the front Wheels. 

2. A method according to claim 1, Wherein the measure 
ments are made using a computer-aided alignment appara 
tus. 

3. A method according to claim 2, Wherein the computer 
aided alignment apparatus comprises a computer-aided, 
three-dimensional machine vision apparatus including opti 
cal scanning devices and optically scannable targets, and the 
method also includes: 

attaching the optically scannable targets to the Wheels of 
the vehicle; and 

optically scanning the targets to measure the alignment 
properties of the Wheels. 

4. A method according to claim 1, Wherein the alignment 
properties of the front Wheels include castor angles. 

5. A method according to claim 1, Wherein the alignment 
properties of the front Wheels include camber angles. 

6. A method according to claim 1, Wherein the alignment 
properties of the front Wheels include a toe of the front 
Wheels. 

7. A method according to claim 1, Wherein the alignment 
properties of the front Wheels include steering angle incli 
nation. 

8. A method according to claim 1, Wherein the alignment 
properties of the rear Wheels include camber angles. 

9. A method according to claim 1, Wherein the alignment 
properties of the rear Wheels include a toe for the rear 
Wheels. 

10. A method according to claim 1, further comprising 
adjusting the front toe so that a steering Wheel of the vehicle 
is in a straight position, after measuring and correcting 
alignment properties of the rear Wheels. 

11. An apparatus for measuring and aligning front and rear 
Wheels of a four Wheel vehicle, comprising: 

targets ?xedly attachable to the Wheels; 

a camera for providing images of the targets; 

a database containing manufacturer-speci?ed alignment 
properties for the front and the rear Wheels of the 
vehicle; and 

a data processor operatively connected to the camera and 
the database and programmed to, 

measure alignment properties of the front Wheels based 
upon the images of the targets provide by the camera, 

compare the measured alignment properties of the front 
Wheels to the manufacturer-speci?ed alignment prop 
erties for the front Wheels contained in the database, 
and 

generate a Warning that the alignment properties of the 
front Wheels should be corrected prior to measuring and 
correcting alignment properties of the rear Wheels if the 
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measured alignment properties of the front Wheels are 
not substantially equal to the manufacturer-speci?ed 
alignment properties for the front Wheels. 

12. An apparatus according to claim 11, Wherein the data 
processor is further programmed to, 

measure alignment properties of the rear Wheels based 
upon the images of the targets provide by the camera, 

compare the measured alignment properties of the rear 
Wheels to the manufacturer-speci?ed alignment prop 
erties for the rear Wheels contained in the database; and 

generate a Warning if the measured alignment properties 
of the rear Wheels are not substantially equal to the 
manufacturer-speci?ed alignment properties for the 
rear Wheels. 

13. An apparatus according to claim 11, Wherein the 
alignment properties of the front Wheels include castor 
angles. 

14. An apparatus according to claim 11, Wherein the 
alignment properties of the front Wheels include camber 
angles. 

15. An apparatus according to claim 11, Wherein the 
alignment properties of the front Wheels include a toe of the 
front Wheels. 
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16. An apparatus according to claim 11, Wherein the 
alignment properties of the front Wheels include steering 
angle inclination. 

17. An apparatus according to claim 11, Wherein the 
alignment properties of the rear Wheels include camber 
angles. 

18. An apparatus according to claim 11, Wherein the 
alignment properties of the rear Wheels include a toe for the 
rear Wheels. 

19. An apparatus according to claim 11, Wherein the data 
processor is further programmed to generate instructions for 
adjusting the front toe so that a steering Wheel of the vehicle 
is in a straight position, after the alignment properties of the 
rear Wheels have been measured and corrected. 

20. An apparatus according to claim 11, Wherein the data 
processor is programmed to generate instructions that the 
alignment properties of the rear Wheels should be measured 
and corrected if the measured alignment properties of the 
front Wheels are substantially equal to the manufacturer 
speci?ed alignment properties for the front Wheels. 


